Obesity has a profound adverse impact on health. In this study, we present evidence for high-fat diet (HFD)-induced emergence of brown-like adipocytes in white adipose tissue (WAT) of the spontaneously hypertensive rat (SHR). We studied adult males fed a HFD or normal diet (ND) for 12 weeks. At the end of the 12-week dietary intervention, HFD compared with ND rats showed significantly higher whole-body energy expenditure. HFD vs. ND rats also showed higher expression of genes involved in fatty acid oxidation, mitochondrial biogenesis and brown fat adipogenesis, as well as augmented mitochondrial mass in WAT but not in the liver or skeletal muscle. Consistent with the molecular changes, in HFD but not in ND rats, histological and immunohistochemistry-based analyses of WAT demonstrated the presence of small multilocular cells staining positively for uncoupling protein 1, indicating the emergence of brown-like adipocytes in WAT. Our results suggest that SHR may have the capacity to increase energy expenditure in response to a chronic HFD that may be linked to the emergence of brown-like adipocytes in WAT. Thus, the SHR may be an important genetic model to uncover novel mechanisms of resistance to dietary obesity.
INTRODUCTION
A high prevalence of obesity, which has become a characteristic feature of most industrialized countries, is associated with a profound adverse impact on population health, including the development of cardiovascular disease, a leading cause of morbidity and mortality in industrialized countries. 1 Obesity is defined by the expansion of white adipose tissue (WAT), but recent evidence suggests that the adult human body also contains functionally distinct, brown adipose tissue. [2] [3] [4] [5] [6] [7] [8] In contrast to WAT, which has a primary role in energy storage, brown adipose tissue specializes in energy dissipation as heat (Cannon and Nedergaard 9 ). This thermogenic property of brown fat results from its high content of mitochondria, cell organelles where energy dissipation occurs. 10 Uniquely in brown fat, mitochondria express uncoupling protein 1 (UCP1), which is a protein that resides in the inner mitochondrial membrane and facilitates a proton leak across the membrane, so that energy generated from oxidation of macronutrients, such as fat, is dissipated as heat rather than preserved through typical ATP production. 11 Although white and brown adipose tissues generally occupy distinct locations within the body, some white fat depots may contain brown-like adipocytes. 12, 13 Importantly, the presence of these brownlike adipocytes in WAT, even in very small quantities, is associated with a significant reduction in whole-body adiposity. 14 Despite the recent advances in understanding brown fat adipogenesis, [15] [16] [17] [18] the molecular mechanisms of brown fat emergence in traditional WAT have yet to be elucidated. A complex network of transcription factors that includes peroxisome proliferator-activated receptor-g coactivator1a (PGC-1a) controls brown fat adipogenesis. PGC-1a regulates mitochondrial biogenesis and fat oxidation by coordinating expression of both mitochondrial genome-and nuclear genome-encoded genes involved in these processes, and it also induces expression of the brown fat-defining UCP1. 19 Previous research suggests that (i) brown fat emergence in WAT can be induced by sympathetic b-adrenergic stimulation [20] [21] [22] and (ii) dietary fat can increase sympathetic outflow from the central nervous system to the periphery. 23 Given these observations, we hypothesized that the spontaneously hypertensive rat (SHR) may be a genetic strain that is susceptible to the emergence of brown fat in WAT in response to a high-fat diet (HFD), as it is characterized by high sympathetic outflow to the periphery, including to WAT, [24] [25] [26] [27] and shows augmentations in sympathetic activity (indicated indirectly by an augmentation in heart rate) 28 and expression of genes involved in fat burning in WAT in response to a chronic HFD. 29 SHR compared with Wistar Kyoto rats, for example, also gain less body weight in response to a chronic HFD. [30] [31] [32] [33] To test our hypothesis, we exposed adult SHR to either a HFD or normal diet (ND) for 12 weeks. Before and during the dietary intervention, we assessed adiposity and measured 24-hour profiles of whole-body energy expenditure and energy intake. At the end of the intervention, we examined molecular and cellular pathways involved in fat burning and energy expenditure in WAT. The latter resulted in observing the emergence of brown fat in WAT in HFD but not in ND rats.
METHODS Animals
Male SHR originating from a colony of the Czech Academy of Sciences, Prague, Czech Republic (SHR/Ola) and bred at the University of Nottingham, Nottingham, UK were studied.
Experimental protocol
At 16 weeks of age, whole-body energy expenditure (as assessed by indirect calorimetry) and food intake were monitored with the Comprehensive Laboratory Animal Monitoring System (CLAMS, Columbus Instruments, Columbus, OH, USA) for two consecutive 24-hour periods. Following these initial (week 0) measurements, rats either remained on a ND (n¼6; 2018 Teklad, Harlan, Loughborough, UK; metabolisable energy: 3.3 kcal g À1 ; 6.2% fat) or were placed on a HFD (n¼8; F3282, Bio-Serv, Frenchtown, NJ, USA; metabolisable energy: 5.3 kcal g À1 ; 35.5% fat) for 12 weeks. The relative content of saturated, monounsaturated and polyunsaturated fatty acids was 16, 23 and 61% of total fat in ND, and it was 40, 23 and 17% of total fat in HFD. The higher content of fat in HFD than ND was driven mainly by excess of palmitic (C 16 ) and oleic (C 18:1 ) fatty acids in the former. The CLAMS measurements performed initially (week 0) were repeated in the middle (week 6) and at the end (week 12) of the 12-week dietary intervention. Animals were housed singly under standard conditions (ambient temperature 23 ± 1 1C, 12 h light-dark cycle; dark phase 1900-0700 hours) with free access to water and food. Body weight was monitored weekly throughout the intervention. At the end of the 12-week intervention, animals were humanely killed by dislocation of the neck after regular overnight feeding between 0900 and 1200 hours. Their retroperitoneal fat and epididymal fat pads, liver and soleus muscle were carefully dissected, weighed, snap-frozen in dry ice-chilled isopentane and then stored at À80 1C until further processing. All procedures and the experimental protocol were approved by the UK Home Office (PL 40/2881).
Comprehensive Laboratory Animal Monitoring System
The CLAMS (Columbus Instruments) is a computer-driven system that includes an open-circuit Oxymax calorimeter consisting of eight chambers in which rats are housed individually. The gas sensor was calibrated before each measurement. The flow rate of air through the chambers was adjusted to 2 l min À1 and an extracted outflow to 0.4 l min À1 . The ambient air (input air for the chambers) and the expired air were sequentially analyzed for CO 2 and O 2 with a gas analyzer every 13 min. Heat production, which is an index of whole-body energy expenditure, was calculated from O 2 consumption (VO 2 ) and CO 2 production (VCO 2 ) as follows: heat (kcal kg À1 h À1 )¼(3.815+1.232Â (VCO 2 /VO 2 ))ÂVO 2 (ml kg À1 h À1 ; Columbus Instruments). 34, 35 In addition, cumulative weight of consumed food was monitored continuously and recorded every 13 min. All animals were monitored for at least two 24-hour periods, with the first one used for acclimatization to the chambers and the second for data analysis.
Quantitative reverse-transcription PCR (qRT-PCR)
Total RNA from retroperitoneal fat, epididymal fat, liver and soleus muscle was isolated using TRI Reagent (Sigma-Aldrich, St Louis, MO, USA) and 1 mg was treated with the RQ1 RNase-Free DNase kit (Promega, Madison, WI, USA) to remove any contaminating traces of DNA. Following this, cDNA synthesis was performed using M-MLV Reverse Transcriptase and random primers (Promega) according to the manufacturer's instructions. For all genes (Supplementary  Table S1 ), standard curves were produced from serial dilutions of a pooled sample of cDNA from all individual samples within each tissue, and PCR amplification efficiencies were calculated from the standard curves using the equation E¼10 [À1/slope] . PCR efficiencies were all within the accepted range of 90-100%. qRT-PCR reactions were performed using the SensiMix Plus SYBR Green PCR kit (Quantace, London, UK) on a Rotor Gene 3000 cycler (Corbett Research, Sydney, Australia). Reactions were run in triplicate, each tube containing 2.5 ml of cDNA template, 0.75 ml of each primer (10 mM), 12.5 ml of SYBR mix and 8.5 ml of RNase-free water. Cycling conditions included an initial hold of 10 min at 95 1C, followed by 40 cycles of 95 1C for 15 s, 60-63 1C for 30 s and 72 1C for 30 s. A melt-curve analysis was performed at the end of each run to determine the amplification specificity. Gene-expression levels were determined using relative quantification 36 with phosphoglycerate kinase 1 (Pgk1) as a reference gene. 37 Quantification of mitochondrial DNA copy number Total DNA (including both nuclear DNA and mitochondrial DNA (mtDNA)) was isolated from retroperitoneal fat, liver and soleus muscle using the DNeasy Blood and Tissue Kit (Qiagen, West Sussex, UK). For the DNA extraction, retroperitoneal fat and soleus muscle samples were ground to powder in liquid nitrogen and then incubated with proteinase K for 2 h, whereas the liver samples were incubated with proteinase K overnight without prior homogenization. During the extraction protocol, samples were treated with RNase (Roche Applied Science, Indianapolis, IN, USA) to remove any possible traces of contaminating RNA. Quantification of total DNA was performed with a Nanodrop 1000 spectrophotometer (Thermo Scientific, Waltham, MA, USA). Copy number of mtDNA was assessed with quantitative PCR (qPCR) and expressed as the ratio of mtDNA to nuclear DNA, which is thought to reflect the tissue concentration of the mtDNA per cell. 38 To quantify mtDNA, we amplified fragments from two mitochondrial genes, cytochrome b (Cytb) and cytochrome c oxidase, subunit I (Cox1). To quantify nuclear DNA, we amplified a fragment from the nuclear 18S ribosomal RNA gene (18S). qPCR reactions were prepared and run as described above. Primer sequences are presented in Supplementary Table S1 .
UCP-1 protein in WAT: western blot analysis
Total protein was extracted from frozen and powdered (as described above) retroperitoneal fat pads using tissue extraction reagent I (Invitrogen, Camarillo, CA, USA) containing protease inhibitor cocktail (Sigma-Aldrich). Protein concentrations were determined by bicinchoninic acid BCA microplate assay (Pierce, Rockford, IL, USA) and equivalent amounts of sample protein extracts (10 mg) were electrophoretically resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 12% tris-glycine gel (Bio-Rad, Hercules, CA, USA) along with 0.5 mg of protein extract from interscapular brown fat, a positive control for UCP1. After electrophoretic transfer to an Immun-blot polyvinyllidene difluoride (PVDF) membrane (Bio-Rad), the membrane was stained with Ponsceau S (Sigma-Aldrich) to ensure equal protein loading. Immunoblotting included an incubation in blocking buffer (5% wt/vol milk in tris-buffered saline with 0.1% Tween-20) at room temperature for 1 h, followed by an incubation in anti-UCP1 polyclonal antibody (1:2000, U6382, SigmaAldrich; diluted in 5% bovine serum albumin in tris-buffered saline with 0.1% Tween-20) with gentle agitation at 4 1C for 16 h and an incubation in antirabbit horseradish peroxidase-conjugate secondary antibody (Millipore, Chemicon International, Billerica, MA, USA; diluted to 1:5000 in blocking buffer) with gentle agitation at room temperature for 1 h. The membrane was then visualized using enhanced chemiluminescence reagent (Bio-Rad) and BioMax Light film (Kodak, Carestream Health, Rochester, NY, USA).
Morphology of brown fat in WAT and UCP1 immunohistochemistry
Retroperitoneal fat pads were fixed in 3.7%. formaldehyde, embedded in paraffin and sectioned at 5 mm. Sections were stained with hematoxylinphloxin-saffron and brown fat morphology was examined with light microscopy (Eclipse, TE-2000-S, Nikon UK Limited, Kingston upon Thames, UK) under Â20 and Â40 magnifications. Additional, consecutive sections were immunostained with rabbit anti-UCP1 (1:500, U6382, Sigma-Aldrich) using the VECTASTAIN Elite ABC Kit and the VECTOR DAB Substrate Kit for 
RESULTS

Effect of chronic HFD on energy expenditure
The basic characteristics of the studied animals are provided in Table 1 . Energy expenditure, assessed with indirect calorimetry (Figure 1) , did not differ between HFD and ND groups at weeks 0 and 6. However, at week 12, it was significantly higher in HFD than ND rats, with the difference being apparent mainly during the active, dark period (diet x time interaction: P¼0.04; Figure 1 ). Cumulative energy intake, as measured by CLAMS during the dietary intervention, was 248 ± 10 kcal in HFD rats and 218 ± 12 kcal in ND rats (P¼0.075).
Effect of chronic HFD on expression of genes involved in fat oxidation and mitochondrial biogenesis in the adipose tissue, liver and skeletal muscle We examined mRNA expression of genes involved in fatty acid oxidation and mitochondrial biogenesis in retroperitoneal fat, epididymal fat, liver and soleus muscle. These analyses showed that, in HFD compared with ND rats, expression of the acyl-CoA dehydrogenase, long-chain (Acadl) gene, encoding an enzyme catalyzing the first step of fatty acid oxidation, was higher by 1.7-fold (P¼0.008) in retroperitoneal fat and by 1.4-fold (P¼0.003) in the liver, but it did not vary between the groups in epididymal fat (Supplementary Figure  S1 ) and soleus muscle (Figure 2) . Expression of Pgc-1a, which encodes a transcription factor coordinating the expression of nuclear and mitochondrial genes involved in mitochondrial biogenesis, 19 was also higher in HFD than ND rats but only in retroperitoneal fat (by 2.4-fold, P¼0.04) and not in the liver or soleus muscle (Figure 2 ).
Effect of chronic HFD on mitochondrial copy number in the adipose tissue, liver and skeletal muscle Pgc-1a expression is considered an indicator of mitochondrial biogenesis. 19 On this basis, we examined mitochondrial DNA copy number, assessed as quantitative ratios of two mitochondrial genes (Cox1 and Cytb) to a nuclear gene (18S). Consistent with our gene expression results, mtDNA copy number was significantly higher in HFD compared with ND rats in retroperitoneal fat (Cox1, P¼0.04 and Cytb, P¼0.02) but not in the liver or soleus muscle (Figure 3) .
Effect of chronic HFD on brown fat adipogenesis in WAT
The increase in expression of Pgc-1a and mitochondrial copy number we observed in retroperitoneal fat of HFD rats suggested that brown fat may have emerged in this traditional WAT deposit in response to a chronic HFD. To confirm this possibility, we examined the cellular morphology of retroperitoneal fat with histology and the expression of Ucp1, a brown fat-defining protein, 9 in this tissue with qRT-PCR, western blot analysis and immunohistochemistry. The classical histology revealed the presence of small multilocular cells dispersed in patches or as single cells among large unilocular white adipocytes in Figure 1 Effect of a 12-week high-fat diet (HFD) on energy expenditure. Energy expenditure (calculated from O 2 consumption and CO 2 production as heat production) was monitored with the Comprehensive Laboratory Animal Monitoring System (CLAMS) for at least two 24-hour periods, with the first one used for acclimatization to the system and the second for statistical analyses. The measurements were made prior to a 12-week dietary intervention (week 0) and at weeks 6 and 12 of the intervention. Means±s.e.m. of 2 h averages of these measurements are presented for ND (n¼6) and HFD (n¼8) rats. Data were analyzed with two-way analysis of variance with diet (HFD vs. ND) and time (light and dark) as main factors.
Diet-induced emergence of brown fat in white fat S Hojna et al HFD but not in ND rats (Figure 4 ). The result of qRT-PCR showed that mRNA expression of Ucp1 in retroperitoneal fat was upregulated by 412-fold in HFD vs. ND rats (Po0.05, Figure 4 ). Western blot analysis demonstrated that protein expression of UCP1 is well detectable in HFD but not in ND rats (Supplementary Figure S2) . Finally, immunohistochemistry demonstrated the presence of the UCP1 protein in areas of retroperitoneal fat that contained the small multilocular cells described above (Figure 4) . Collectively, these results suggest that, in SHR, a chronic HFD leads to the emergence of brown-like adipocytes in this traditional WAT. Apart from the above studies of retroperitoneal fat, we examined mRNA expression of Ucp1 in epididymal fat, liver and skeletal muscle in HFD rats using qRT-PCR. In all of these tissues, mRNA expression of Ucp1 was not detectable (Supplementary Figure S3) .
Effect of chronic HFD on expression of genes involved in brown fat adipogenesis
To determine the underlying mechanisms of diet-induced emergence of brown fat in retroperitoneal fat, we examined mRNA expression of candidate genes likely involved in this process. These included a gene encoding the b3-adrenergic receptor (Adrb3), which has been shown to stimulate brown fat adipogenesis in rodents, 20, 39 and genes encoding several key transcription factors and signaling molecules implicated in the control of brown-adipocyte differentiation. 16, 17 The latter Figure 2 Effect of a 12-week high-fat diet (HFD) on mRNA expression of genes involved in fatty acid oxidation and mitochondrial biogenesis in retroperitoneal fat (a), liver (b) and soleus muscle (c). Expression of the long-chain acyl-CoA dehydrogenase (Acadl) gene, encoding an enzyme catalyzing the first step of fatty acid oxidation, and of the peroxisome proliferator-activated receptor-g coactivator-1a (Pgc-1a) gene, which encodes a transcription factor coordinating the expression of nuclear and mitochondrial genes involved in mitochondrial biogenesis, were examined with quantitative RT-PCR. Means ± s.e.m. are presented for ND (n¼5-6) and HFD (n¼8) rats. Data were analyzed with Student's t-test.
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S Hojna et al included the PR domain containing 16 (Prdm16), nuclear respiratory factor 1 (Nrf1), mitochondrial transcription factor A (Tfam) and mitogen-activated protein kinase 14 (Mapk14) genes. The results showed that mRNA expression of Adrb3 and Prdm16 was significantly higher in HFD than ND rats ( Figure 5 , P¼0.009 and 0.008, respectively), suggesting their involvement in diet-induced emergence of brown fat in WAT observed in this study, whereas Nrf1, Tfam and Mapk14 expression was not significantly different between the two dietary groups ( Figure 5 ). In addition, it has been suggested that a molecular signature of some precursors of brown adipocytes is the expression of muscle developmental gene, myogenic factor 5 (Myf5). 15, 16 In this study, we did not detect mRNA of this gene in retroperitoneal fat in either ND or HFD rats (Supplementary Figure S4) .
DISCUSSION
The results of this study suggest that, in response to a chronic HFD, SHR increased whole-body energy expenditure. This was accompanied by enhanced expression of genes involved in fat oxidation, mitochondrial biogenesis and brown fat adipogenesis and by augmented mitochondrial mass in WAT but not in the liver or skeletal muscle. These results taken together with the appearance of multilocular cells staining positively for UCP1 within WAT suggest that a chronic HFD induces the emergence of brown fat in WAT of SHR rats. This increase in brown fat may increase energy utilization via energy dissipation in the form of heat and, thus, contribute to the observed increase in whole-body energy expenditure. To our knowledge, this is the first study to demonstrate that a chronic HFD induces emergence of brown-like adipocytes in WAT and enhances whole-body energy expenditure. Previous studies found brown fat emergence in WAT coupled with enhanced whole-body energy expenditure, but these studies used non-dietary manipulations, including chronic exposure to cold, treatment with b3-adrenergic receptor agonists and forced WAT overexpression of key molecules of brown fat adipogenesis/function, such as PGC-1a, UCP1 or PRDM16. 12, 14, 18, 20, [39] [40] [41] [42] Brown fat adipogenesis has recently gained the interest of many research groups, as compelling evidence has been provided that brown fat exists not only in human neonates, as thought originally, but also in human adults where it likely protects against obesity, 2-8 through its superior capacity for burning fat (both stored and eaten) and energy dissipation. 9, 43 Substantial progress in our understanding of brown fat adipogenesis has been made recently (Seale et al. 43 ). We know that a complex network of transcription factors orchestrate the development of brown adipocyte islands in WAT and that this network may not be the same in classical brown fat depots, such as interscapular brown fat. 43 In case of the latter, precursors of brown adipocytes are of the skeletal muscle lineage and are characterized by the expression of muscle developmental gene Myf5. 15, 16 Their fate as to whether they develop into muscle or brown fat cells is determined to a great degree by the transcription factor PRDM16, which activates a complete brown fat-differentiation program in these precursor cells. 16 In the case of brown fat islands present in WAT, it is still debated whether they develop from specific precursors present in WAT or by a true transformation of white to brown adipocytes. 44, 45 Whichever is the case, these cells apparently never express Myf5. 16 Consistent with these findings, we did not detect expression of Myf5 in retroperitoneal fat of either ND or HFD rats. Finally, we observed a significant upregulation of Prdm16 in this tissue in HFD compared with ND rats; this is in agreement with a recent study demonstrating that PRDM16 overexpression in WAT results in emergence of brown-like adipocytes in this tissue. 18 In this study, we observed that mRNA expression of Adrb3 in retroperitoneal fat was significantly higher in HFD than ND rats. Upregulation of Adrb3 is consistent with previous research demonstrating that adrenergic stimulation 8 via the b 3 -adrenergic receptor has a key role in brown fat activation and subsequent energy dissipation, 8 as well as emergence of brown fat in WAT. 20, 39, 46 Further, islands of brown adipocytes in WAT are richly sympathetically innervated. 6 The HFD-induced brown fat adipogenesis in WAT that we observed in this study may be because of strain-specific sensitivity to the diet perturbation. It has previously been shown that SHR compared with Wistar Diet-induced emergence of brown fat in white fat S Hojna et al Kyoto rats, for example, demonstrate higher interstitial norepinephrine release in WAT. 26, 27 In WAT of SHR, adrenergic nerve fibers are abundantly distributed not only around vessels but also directly on parenchymal cells, including adipocytes. 26 In addition, SHR are characterized by a deletion mutation of Cd36, 47, 48 which is a fatty acid transporter that mediates fatty acids uptake by adipocytes (and other cells) and is involved in cold-induced brown fat thermogenesis. 49 Because of the deletion mutation, Cd36 is undetectable in SHR adipocyte plasma membrane. 47, 48 Whether this genetic alteration has a role in the observed HFD-induced brown-fat emergence in WAT requires further studies, however.
In this study, diet-induced emergence of brown fat in WAT was observed in the retroperitoneal fat pads, but not in the epididymal fat pads. The reason for this fat-pad variation is not entirely clear, however, a likely explanation is that fat-pads differ in the density of sympathetic innervation 50, 51 and/or cell-autonomous inducibility of molecular pathways of brown fat adipogenesis. 18 Supporting the former, it has been shown that the number of sympathetic nerve fibers correlates positively with the density of brown adipocytes in WAT 52 and that norepinephrine concentration varies among fat pads, being higher, for example, in retroperitoneal than epididymal fat pads in Siberian hamsters. 50, 51 With respect to cell-autonomous inducibility of molecular pathways of brown fat adipogenesis, it has been shown that mRNA expression of Prdm16 is higher in inguinal than epididymal fat pads in B6 mice, and that adipose tissue overexpression of Prdm16 on this genetic background results in emergence of brown-like adipocytes in inguinal but not in epididymal fat pads. 18 The retroperitoneal and inguinal fat pads (but not epididymal fat pads to our knowledge) showed emergence of brown fat (in response to cold or b 3 -stimulation) in several previous studies. 22, 45, 53 Some of these studies indicated that the capacity for brown fat adipogenesis in WAT depends largely on genetic Figure S5) . A full color version of this figure is available at the Hypertension Research journal online.
Diet-induced emergence of brown fat in white fat S Hojna et al makeup of studied animal models. 22, 53 To understand which specific genes and whether they primarily control fat pad-specific cell-autonomous or whole-tissue properties requires further research, however. Additional studies are also needed to examine whether similar brown fat adipogenesis occurs in other fat depots, including subcutaneous white fat and interscapular brown fat. The results of this study suggest that the SHR may be a useful animal model of the emergence of brown fat in WAT induced by a chronic HFD. As excess fat-intake is a major contributor to the current epidemic of obesity, and brown fat emergence in WAT may be a new biological pathway protecting an individual from dietary obesity, the SHR may be an important model to reveal novel mechanisms of resistance to environmental obesity. This may be particularly significant, as metabolically active brown fat, including that in WAT, exists in adult humans, 2-7 but the mechanisms of its emergence are still not clear. Figure 5 Effect of a 12-week high-fat diet (HFD) on mRNA expression of genes potentially involved in brown fat emergence in retroperitoneal fat. Expression of genes encoding the b3-adrenergic receptor (Adrb3) and several key transcription factors and signaling molecules implicated in the control of brown adipocyte differentiation, namely the PR domain containing 16 (Prdm16), nuclear respiratory factor 1 (Nrf1), mitochondrial transcription factor A (Tfam) and mitogen-activated protein kinase 14 (Mapk14) genes, was examined with quantitative RT-PCR. Means ± s.e.m. are presented for ND (n¼5) and HFD (n¼8) rats. Data were analyzed with Student's t-test.
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